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[ From  the  Journal  of  Physiology.  Vol.  V.  No.  4.] 


PAPAIN-DIGESTION1.  By  SIDNEY  H.  C.  MARTIN,  B.Sc., 
M.B.,  B.S.  (London),  Fellow  of  Univ.  Coll.  Lond. 


(From  the  Physiological  Laboratory,  Univ.  Coll.) 

Papain  was  the  name  given  by  Wurtz  to  the  proteolytic  ferment 
found  in  the  juice  of  the  unripe  fruits  of  the  stem  and  leaves  of  Ca.rica 
Papaya,  a plant  indigenous  to  the  East  and  West  Indies.  The  occur- 
rence of  such  a ferment  in  the  vegetable  kingdom  is  in  itself  remarkable, 
and  may  give  rise  to  important  considerations  on  the  researches  of  Darwin 
and  others  on  the  assimilation  of  animal  food  by  carnivorous  plants. 

The  leaves  and  juice  have  long  been  known  in  the  native  countries 
of  the  plant  to  have  an  action  on  uncooked  meat,  which  is  rendered 
tender  and  subsequently  rotten.  Wurtz,  however,  was  the  first  to 
investigate  this  action  scientifically : since  he  succeeded  in  obtaining  an 
active  extract  by  precipitating  a watery  extract  of  the  juice  with 
alcohol;  subsequently  by  a different  process  he  obtained  a pure  product 
to  which  he  ascribed  definite  reactions2. 

By  analysis  it  was  proved  that  Papain  was  an  albuminoid  body  : it 
is  soluble  in  water,  and  can  be  purified  by  dialysis. 

A pure  solution  of  the  substance  gave  the  following  reactions  : 

1.  Reaction:  neutral. 

2.  Cloudiness  on  boiling. 

3.  Corrosive  sublimate  gives  a cloudiness  in  the  cold ; becoming  a 
precipitate  on  heating. 

1 Towards  defraying  the  expenses  of  this  enquiry,  a grant  was  received  from  the 
Scientific  Grants  Committee  of  the  British  Medical  Association. 

2 Comptes  Rendus,  June  1880,  p.  1370.  Also  1879,  p.  425.  It  seems  probable  that 
Moncorvo  isolated  the  active  principle  of  Papaw  juice  before  Wurtz — he  called  it 
Caricin.  Papain  and  Papayotin  are,  however,  the  names  usually  employed  now.  Mon- 
corvo, Jo'.im.  de  TMrap.  vn.  6,  1880. 
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4.  A cloudiness  (or  slight  precipitate)  with  subacetate  of  lead : 
soluble  in  excess. 

5.  Strong  nitric  and  hydrochloric  acids  give  a precipitate,  soluble  in 
excess  of  acid. 

6.  Phosphoric  acid  and  acetic  acid  do  not  give  a precipitate : but 
platinic  chloride,  tannin,  and  Millon’s  reagent  do. 

7.  Potassic  ferrocyanide  and  acetic  acid  give  a precipitate. 

From  this  list  of  reactions,  it  will  be  seen,  as  Wurtz  pointed  out, 
that  Papa'in  differs  from  peptones  and  albumins  in  not  being  precipitated 
by  corrosive  sublimate  or  by  basic  acetate  of  lead : it  is  also  not  precipi- 
tated by  boiling.  Its  exact  jDOsition  as  an  albuminoid  body  is  difficult 
to  determine,  and  it  must  be  regarded  at  present  as  a substance  not  be- 
longing to  any  of  the  recognised  classes  of  albuminoid  bodies. 

In  my  experiments,  I have  used  commercial  Papa'in  (received  through 
the  kindness  of  Messrs.  Christy  and  Co.).  Commercial  Papain  is  a 
mixed  substance ; the  specimens  I have  used  were  not  completely 
soluble  in  distilled  water,  the  residue  left  consisting  chiefly  of  non- 
soluble proteid  (coagulated)  since  it  gave  the  Xanthoprotein  reaction. 
The  residue  also  contains  according  to  Dowdeswell,  the  spores  and 
dead  forms  of  Bacilli1. 

The  solution  (filtered)  is  clear,  yellowish  and,  in  active  preparations, 
has  the  faint  smell  of  the  powder  called  “Papain” — and  something  of 
the  smell  of  the  cut  fresh  fruit.  Its  reactions  vary  somewhat  and  are  as 
follows  : — 

Specimen  I.  of  Papain. 

1.  Neutral  in  solution. 

2.  Boiling  gives  a cloudiness,  then  a precipitate. 

3.  Corrosive  sublimate  gives  a cloudiness. 

4.  Precipitates  with  strong  nitric  acid  (soluble  in  excess)  and  with 
potassic  ferrocyanide  and  acetic  acid. 

Examined  38  days  afterwards,  a solution  gave  a cloudiness  on  boiling, 
but  no  subsequent  precipitate : a slight  precipitate  with  plumbic  sub- 
acetate, soluble  in  excess,  and  a slight  cloudiness  with  corrosive  sublimate. 
It  will  thus  be  seen  that  these  reactions  agree  very  closely  with  those 
obtained  by  Wurtz  with  the  pure  Papa'in  : the  solution  however  also 
contained  peptones,  as  it  gave  a pink  colour  with  a trace  of  copper 
sulphate  and  an  excess  of  potash.  This  preparation  was  an  active  one. 

1 Practitioner,  Vol.  xxx.  May  1883. 


PA  PAIN-DIGESTION. 


215 


Specimen  II.  of  Papain  gave  much  the  same  reactions,  with  the 
exception  that  lead  acetate  (basic)  gave  only  a cloudiness,  and  boiling 
produced  no  precipitate.  Saturation  with  magnesium  sulphate  gave  a 
decided  precipitate. 

A solution  of  this  Papain  was  dialysed  for  24  hrs.:  the  liquid  became 
cloudy  with  a fine  precijDitate  (there  was  no  decomposition);  it  gave  a 
milkiness,  then  a precipitate  on  boiling,  increased  by  acidification : and 
reactions  with  corrosive  sublimate  and  basic  acetate  of  lead  the  same  as 
before  dialysis.  The  solution,  however,  did  not  give  the  “ peptone  ” 
reaction  with  copper  sulphate  and  potash,  but  the  violet  colour  given  by 
all  other  proteids  in  solutions.  Moreover,  saturation  with  magnesium 
sulphate  gave  a precipitate : this  result,  taken  with  the  occurrence  of  a 
fine  precipitate  after  dialysis,  indicates  the  presence  of  a “ globulin  ”, 
which  was  also  precipitated  by  boiling  and  acidulating.  Whether  this 
body  is  the  ferment  itself  I am  at  present  unable  to  state  : it  is  important 
however  to  note  these  reactions  as  they  have  a bearing  on  the  results 
obtained  after  digestion. 

I am  more  inclined  to  think  that  the  globulin  present  is  not  the 
ferment,  chiefly  from  the  fact  that  the  dialysed  solution  gives  a precipi- 
tate on  boiling,  a result  Wurtz  did  not  obtain  with  a solution  of  pure 
and  very  active  Papain1.  The  purity  of  specimens  of  Papain  may  be 
tested  by  boiling  the  solution,  when  if  a precipitate  falls,  the  specimen 
is,  as  I have  found,  but  little  active.  The  reactions  with  corrosive 
sublimate  and  lead  acetate  are  also  good  criteria  of  the  purity  of  the 
drug. 

The  presence  of  peptones  in  the  solution  is  probably  due  to  their 
precipitation  during  the  process  of  manufacture  from  Papaw  juice  : 
though  some  small  quantity  may  be  accounted  for  by  a slow  action  of 
the  ferment  on  the  globulin  or  coagulated  proteid  in  the  powder.  That 
this  slow  action  does  occur  is  rendered  probable  by  the  reactions  of 
Specimen  I.  after  38  days’  keeping,  partly  exposed  to  the  air : no  precipi- 
tate by  boiling  was  obtained  in  the  solution  after  this  interval.  The 
exact  bearing  of  this  point  will  be  more  apparent  after  considering  the 
products  of  artificial  digestion. 

Artificial  digestion  of  proteids. 

The  scientific  work  done  on  this  subject  is  scanty;  Wurtz,  as 
previously  mentioned,  being  the  first  to  investigate  the  action  carefully'2; 

1 Comp'.es  Re ndus,  June  1880.  2 Complex  JZcndus , 1870  find  1880. 
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though  Dr  G.  C.  Roy1  had  previously  shown  that  papaw  juice  caused 
both  animal  and  vegetable  albumen  to  enter  into  solution,  he  did  not, 
however,  clearly  recognise  the  process  as  digestion.  More  extended 
experiments  were  done  by  Albrecht2,  also  with  the  juice;  but  as  this 
is  a complex  substance,  no  accurate  conclusion  can  be  arrived  at  in  this 
way.  The  chief  points  brought  out  by  the  experiments  of  Wurtz  and 
Wurtz  and  Bo u chut  are  the  following: 

1.  Papain,  when  pure,  is  an  active  proteolytic  ferment:  T grm. 
e.  g.,  digesting  100  grm.  of  wet  fibrine  in  500  c.c.  of  water  in  36  hrs. 
leaving  2‘5  grm.  residue  of  “ dyspeptone  ” : temp.  40°  C. 

In  another  experiment  with  “crude”  Papain,  *1  grm.  in  50  c.c.  of 
water  digested  1 grm.  of  wet  fibrin  in  10  hrs.,  leaving  1.5  grm.  residue  : 
temp.  40°  C. 

The  action  is  rapid,  considering  the  quantity  of  ferment  used. 

2.  Digestion  by  Papain  is  essentially  a digestion  in  a neutral 
medium : though  only  two  experiments  were  recorded  to  confirm  this 
statement — one  where  the'  liquid  was  made  faintly  alkaline  by  potash, 
the  other  where  a few  drops  of  2 per  1000  hydric  chloride  were  added3. 

3.  Digestion  is  accompanied  by  rapid  decomposition : but  the  action 
goes  on  just  as  well  when  this  is  prevented. 

4.  The  products  of  digestion  are  peptones  chiefly  ; crystals  of  leucin 
also  were  discovered,  but  no  mention  is  made  of  tyrosin. 

The  filtrate  after  digestion  gives  a precipitate  with  strong  nitric 
acid  : in  some  instances  ascribed  to  the  presence  of  the  ferment,  in 
others  to  “incomplete  digestion.” 

5.  Finally,  as  a result  of  these  experiments,  Papa'in  is  compared  in  its 
mode  of  action  to  trypsin;  and  from  a few  experiments,  Wurtz 
concluded  that  the  ferment  probably  combined  in  some  way  with  the 
fibrin,  which  then  became  pultaceous.  He  compared  the  action  indeed 
to  the  hydrating  power  of  sulphuric  acid : a comparison  which  is  fairly 
reasonable. 

According  to  Wurtz  and  Bouchut,  then,  we  have  in  Papain  a 
vegetable  proteolytic  ferment  resembling  trypsin. 

Rossbach  has  recorded  a few  experiments  with  the  ferment4,  and 
his  conclusions  are  at  variance  with  those  just  mentioned. 

1 Glasgow  Med.  Journal,  1874. 

2 Schmidt’s  Jahrbuch,  Bd.  190. 

:t  Coinptcs  Rendus,  1879. 

4 Berliner  Klin.  Wuclicnschri/t,  1881,  No.  10,  and  Zeitsclirijt  f.  klinischc  Med.  Bd.  vi. 
H.  6. 
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He  stated  that  “ warm  papayotin  solution  does  not  act  quicker  than 
cold". 

That  5 p.c.  solutions  of  the  ferment  (commercial  product)  act  best : 
| p.c.  solutions  acting  very  slightly. 

The  first  result  is  certainly  not  one  to  be  expected : as  it  is  known 
that  most  ferments  act  better  at  temperatures  between  35°  and  40°  C. 
(as  above)  than  at  lower  temperatures.  As  I shall  show  afterwards  this 
statement  of  Rossbach’s  is  erroneous. 

The  second  result  is  contrary  to  Wurtz’  experiments:  and  I cannot 
but  conclude  from  this  and  from  my  own  results  that  an  inactive  prepar- 
ation of  “ Papain  ” was  used.  This  conclusion  is  justified  by  the  follow- 
ing experiment  quoted1,  1 grm.  of  fresh  meat  (dried  weight  ‘24  grm.) 
was  mixed  with  2 grm.  of  5 p.c.  Papayotin  solution  and  allowed  to  stand 
72  hours:  only  4P4  p.c.  digested. 

This  experiment  was  contrasted  with  others  in  which  the  same 
amount  of  meat  and  papayotin  solution  were  mixed  with  various 
percentages  of  hydric  chloride  : in  1 p.c.  HC1, 401  p.c.  digested  : in  \\  p.c. 
HC1,  39‘34  p.c.  digested,  and  in  a decreasing  ratio  with  higher  percent- 
ages of  hydric  chloride. 

These  experiments,  however,  are  open  to  objection  : 

1.  Because  the  papayotin  was  only  a slightly  active  one. 

2.  Because  also  the  solution  of  fresh  meat  in  an  acid  solution  in 
72  hrs.  is  not  a fair  test  of  digestion.  The  temperature  at  which  the 
experiment  was  performed  is  not  mentioned ; but  undoubtedly,  even  at 
the  temperature  of  the  air,  acid-albumin  would  be  formed  from  the 
uncoagulated  proteid  and  enter  into  solution,  even  if  the  Papain  had  no 
action  whatever. 

No  definite  conclusion,  then,  can  be  deduced  from  these  results  in 
acid  media.  Albrecht  states  that  hydric  chloride  hastens  the  action  of 
Papain,  and  mentions  that  an  officinal  acid  preparation  is  used  in  the 
Paris  hospitals2. 

In  connection  with  this  it  may  be  stated  that  Brunton  and  Wyatt 
have  affirmed  that  Papain,  unlike  pepsine,  does  not  act  in  an  acid 
solution3.  No  experiments  are  quoted  showing  this:  but  the  results 
agree  with  my  own  observations. 

In  my  own  experiments  I have  used  both  coagulated  fibrin  and 
coagulated  egg-albumin  (prepared  as  stated  below). 


1 Veils,  f.  kiln.  Hied. 


2 Op.  cit. 


3 react.  1830,  p.  301. 
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The  fibrin  was  well  washed  for  18  or  24  lirs.,  and  then  boiled  for  1 hr.; 
washed  again,  and  in  my  later  experiments  ground  fine  in  a sausage 
machine. 

It  is  advisable  to  have  the  material  to  be  acted  on  in  as  fine  a state 
of  division  as  possible;  especially  as  the  digestion  occurs  in  neutral 
media  which  are  less  favourable  to  imbibition  than  either  alkaline  or 
acid.  This  resistance  to  imbibition  was  well  seen  in  my  earliest  experi- 
ments, one  of  which  I quote  as  showing  this  point.  Four  grammes  of  moist 
boiled  fibrin  (not  finely  divided)  were  mixed  with  50  c.c.  of  distilled 
water,  containing  1-025  grm.  of  Papain  (specimen  I).  The  mixture 
stood  for  48  hrs.  at  a temp,  between  16°  and  17°  C.  before  the  fibrin  began 
to  disintegrate : the  action,  once  begun,  proceeded  rapidly  and  was 
accompanied  by  decomposition.  The  liquid,  previously  neutral,  at  the 
same  time  became  slightly  alkaline. 

Such  a large  quantity,  then,  of  Papain  as  l-025  grm.  acts  very  slowly 
on  fibrin  in  shreds  at  low  temperatures,  and  I should  like  to  draw  attention 
to  the  following  phenomena  noticed  in  such  simple  experiments,  which 
are  seen  even  when  decomposition  is  prevented. 

The  fibrin,  if  floating  on  the  surface  of  the  liquid,  falls  to  the  bottom 
as  a pultaceous  sediment  when  the  ferment  acts  on  it : in  fact,  the 
action  is  an  erosion  of  the  coagulated  proteid.  This  is  like  trypsin ; so 
is  indeed  the  accompanying  decomposition. 

The  fact  of  the  neutral  liquid  becoming  alkaline  may  be  thought  to 
be  due  to  decomposition : but  it  is  also  noticed  when  decomposition  is 
prevented  by  a few  drops  of  prussic  acid2  (B.  P.  strength  2 p.c.),  provided 
too  much  acid  is  not  added  to  make  the  liquid  very  acid. 

The  liquid  never  becomes  alkaline  till  after  48  hrs.  digestion  ; and 
since  the  occurrence  has  no  connection  with  decomposition,  it  is  probable 
that  it  is  due  to  some  of  the  products  of  digestion.  At  any  rate  it  is 
interesting,  taken  with  the  results  of  digestion  in  alkaline  media  detailed 
below. 

In  most  of  my  experiments,  I have  used  coagulated  egg-albumin:  as 
I found  the  amount  of  digestion  could  be  estimated  more  accurately 
than  with  fibrin.  The  dried  weight  of  fibrin  after  it  has  been  well 
washed  and  boiled  varies  sometimes  to  the  extent  of  '25  grm.  in  each 
gramme  of  wet  material : thus  if  the  dried  weight  were  taken,  erroneous 
results  might  be  obtained.  For  this  reason,  and  also  for  obtaining  an 
accurate  comparison  between  the  results  of  digestion  in  neutral,  alkaline 
and  acid  media,  I devised  the  following  method,  which,  with  due 
precautions,  was  found  to  answer  accurately  and  well. 
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The  whites  of  several  eggs  after  being  cut  up  with  scissors  were 
mixed  with  an  equal  bulk  of  distilled  water,  well  shaken  and  strained 
several  times  to  remove  the  meshes  enclosing  the  albumen.  To  this 
alkaline  mixture  acid  was  added  till  it  was  neutral  or  slightly  acid  ; it 
was  allowed  to  stand  18  hours,  by  which  time  the  precipitate  (chiefly  of 
globulins)  had  settled1.  The  mixture  could  now  be  filtered  and  a uniform 
solution  or  mixture  of  albumen  in  water  obtained  ; the  liquid  was  quite 
clear  or  opalescent  according  to  the  amount  of  albumen  present. 

The  strength  of  this  solution  was  now  estimated  by  acidulating  and 
coagulating  by  heat  3 portions  of  5 c.c.  each  (taken  from  different  parts 
of  the  liquid)  : the  coagulum  was  caught  on  a filter  and  dried  at  100°  C. : 
the  weight  of  the  filter  (at  100°  C.)  deducted  from  the  dried  weight  of 
filter  and  coagulum  (also  at  100°  C.)  gave  then  the  weight  of  albumen  in 
5 c.c.  of  the  solution.  An  average  was  taken  of  the  three  estimations  (which, 
as  was  found,  were  closely  similar)  and  used  in  calculating  the  amount  of 
albumen  in  the  quantity  of  solution  used  for  digestion  : thus  if  x = the 
average  dried  weight  in  5 c.c.,  20  x — dried  weight  (at  100°  C.)  in 
100  c.c. 

In  all  cases  the  albumen  solution  after  acidulating  with  glacial 
acetic  acid,  was  coagulated  in  a water  or  dry  bath,  the  mixture  being 
constantly  stirred  so  as  to  obtain  the  coagulum  in  as  fine  a state  of 
division  as  possible  to  remove  complete  coagulation  of  the  albumen. 

The  fallacies  that  may  arise  by  this  method  are  that  all  the  albumen 
may  not  be  coagulated  either  from  imperfect  heating  or  by  driving  off 
the  volatile  acetic  acid.  Constantly  stirring  obviated  the  first  difficulty : 
and  it  was  found  that  the  mixture  raised  gradually  to  the  boiling  point 
in  a water-bath  was  completely  coagulated,  as  the  water  strained  off 
yielded  no  further  coagulum.  An  acid  liquid  during  coagulation  tends 
to  become  alkaline : so  that  in  all  cases  sufficient  acid  was  added  to 
prevent  this,  the  acidity  being  tested  after  coagulation. 

The  mixture  was  then  neutralized  carefully  and  was  ready  for 
digestion. 

The  method  was  found  to  answer  well,  when  there  was  not  much 
residue  left  after  digestion  : if  a large  residue  be  left,  there  is  difficulty 
in  drying  the  albumen,  unless  this  be  spread  out  on  the  filter. 

In  all  cases  the  strength  of  the  Papain  solution  was  ascertained  by 
estimating  the  amount  of  insoluble  residue.  The  weight  of  Papain  is 
given  in  each  experiment:  but  is  not  the  exact  amount  of  ferment  used, 

1 Foster’s  Physiology,  2nd  Ed.  p.  574. 
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as  it  includes  also  the  weight  of  the  small  quantity  of  peptone  and 
globulin,  previously  shown  to  be  present  in  the  solution.  Decomposition 
was  prevented  in  all  the  experiments  by  adding  4 or  5 drops  of  prussic 
acid  (B.P.) : this  was  found  effectual  even  when  300  c.c.  of  liquid  were 
present  and  did  not  interfere  with  the  action  of  the  ferment,  nor  was 
enough  used  to  alter  the  reaction  of  the  liquid.  Thymol  and  carbolic 
acid  were  tried,  but  were  found  very  ineffectual  in  small  quantities. 

The  first  point  I attempted  to  decide  was  the  effect  of  temperature 
on  the  activity  of  the  ferment.  Contrary  to  Rossbach’s  statement,  I 
found,  that  though  Papain  did  act  at  low  temperatures  (between  15°  and 
20°  C.),  it  acted  much  better  between  35°  and  40°  C. 

The  amount  of  water  present  must  of  course  be  taken  into  account : 
as  dilution  helps  the  action  of  proteolytic  and  other  ferments. 

These  points  are  brought  out  in  the  following  experiments. 


Experiment  I.  May  8,  1884. 

(Estimation  of  albumen  solution : ’278  grm.  and  -284  grm.  in  two  portions 
of  5 c.c.:  average,  '281  grm.:  23  c.c.  contain  1'2944  grm.,  dried  wt.  at  100°  C.). 
Two  mixtures  A,  B,  of  the  same  composition,  viz.  : 

Albumen  (dried  wt.)  1'2944  grm. 


Papain 

Distilled  water 
47 i hours’  digestion. 

A at  19°  C. 

Residue  (at  100°  C.),  '18  grm. 
Digested,  1 T 1 44  grm. 


•9 


arm. 


42-5  c.c. 


B at  35°  C. 

Residue , T07  grm. 
Digested,  1 ‘874  grm. 


The  difference  in  this  experiment  is  not  marked  : in  the  next,  where  about 
one  half  the  amount  of  albumen  and  the  same  quantity  of  Papain  was  used 
in  a larger  quantity  of  water,  the  difference  is  greater : showing  indeed  the 
effect  of  dilution. 


Experiment  II.  May  16,  1884. 

(Estimation  of  albumen:  11*5  c.c.  contain  '335  grm.:  23  c.c.,  *67  grm.) 
Mixtures  A and  B of  same  composition,  viz  : 

Albumen,  '67  grm. 

Papain,  '2  grm. 

Distilled  water,  60  c.c. 


Digestion  for  22f  hrs. 

A at  19°  C. 

Residue  (at  100"  C.),  '303  grm. 
Digested,  ’367  grm. 


B at  36°  C. 
Residue,  '086  grm. 
Digested,  '584  grm. 
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With  larger  quantities  of  albumen  and  a proportional  amount  of  liquid, 
the  difference  is  still  more  marked. 

Experiment  III.  May  31,  1884. 

(Estimation  : -266  grin.,  -263  gem.,  -254  grm.,  in  three  portions  of  5 c.c.  : 
average  ’261  grm.:  90  c.c.  contain  3 ’6 54  grm.) 

Mixtures  A and  B. 

Albumen  3 *65  4 
Papain 

Distilled  water  175  c.c. 


grm. 


•4  grm. 


48  hrs.  digestion. 

A at  1 8°-20°  C. 
Residue,  1*751  grm. 
Digested,  1*903  grm. 


B at  30°-36°  C. 
Residue,  *63  grm. 
Digested,  3*024  grm. 


These  three  experiments  conclusively  show  the  greater  activity  of 
the  ferment  at  temperatures  between  30°  and  36°  C.  than  between  18° 
and  20°  C.  in  neutral  liquids : it  also  establishes  the  fact  that  Papain 
acts  well  in  these  media. 

The  comparison  Wurtz  had  made  between  the  action  of  Papain  and 
that  of  trypsin  suggested  to  me  a series  of  experiments  under  conditions 
similar  to  those  in  artificial  pancreatic  digestion : viz.  in  different 
strengths  of  Sodium  Carbonate  solution1.  We  have  seen  that  this  com- 
parison is  borne  out  by  the  occurrence  of  rapid  decomposition,  by  the 
erosion  of  the  coagulated  proteid  before  solution  and  by  the  formation  of 
leucin  : results  similar  to  those  seen  in  tryptic  digestion — the  difference 
being  that  whereas  tryptic  is  essentially  an  alkaline  digestion  (acting 
best  in  1 p.c.  Sodium  Carbonate  solution)  Papain  digestion  has  been 
stated  to  be  essentially  a neutral  one. 

In  all  cases,  I have  compared  the  action  in  alkaline  solution  side  by 
side  with  that  in  a neutral  one  under  the  same  conditions : and  as  will 
be  seen,  I found  that  Papain  acts  well  in  alkaline  media — in  solutions  of 
i p.c.  Sodium  Carbonate  as  well,  if  not  better,  than  in  neutral : but  that 
in  higher  degrees  of  alkalinity,  £ p.c.  and  1 p.c.,  the  digestion,  though 
active,  is  not  so  complete  as  in  £ p.c.  sodium  carbonate  or  neutral 
solutions.  This  is  shown  in  the  following  experiments. 

Experiment  IY.  June  7,  1884. 

(Estimation:  *17  grm.,  *17  grm,  and  *174  grm.  in  3 portions  of  5 c.c.  : 
85  c.c.  contain  2*9121  grm.) 

1 Ewald  mentions  that  Papain  acts  in  alkaline  media,  but  quotes  no  experiments. 
Schmidt’s  Jahrluch,  Bd.  201. 
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Mixtures  A,  B,  C,  containing 

Albumen,  29121  grra. 

Papain,  (, Specimen  II.)  -347  grm. 
Digestion  for  45  hrs.  at  38°  C. 


A. 

B. 

220  c.c.  of  water. 

200  c.c.^p.c.sod.  carb. 
20  c.c.  water  added. 

Neutral. 

Alkaline. 

Residue. 

•57  grm. 

•419  grm. 

Digested. 

2-3421  grm. 

2-4931  grm. 

C. 

200  c.c.  |p.c.  sod.  carl). 
20  c.c.  water  added, 
strongly  Alkaline. 
•629  grm. 
2-2831  grm. 


The  next  experiment  shows  the  same  points : In  such  minute 

differences  as  are  seen  in  Experiment  Y.  the  question  of  division  of  the 
coagulated  albumen  has  to  be  considered  : as  it  is  impossible  to  get  all 
the  mixtures  in  the  same  state  of  subdivision.  Slight  errors  of  manipu- 
lation have  also  to  be  allowed  for. 


Experiment  Y.  June  10,  1884. 


(Estimation:  T 45  grm.,  T43  grm.,  T45  grm.,  in  5 c.c.  : average,  -1443 
grm.  : 100  c.c.  contain  2'886  grm.) 

Mixtures  A,  B,  C,  D,  containing 

Albumen,  2-886  grm. 

Papain,  -347  grm. 

Digestion  fur  18  hrs.,  T.  of  incubator  35°-38°  C. 


A. 

B. 

C. 

200  c.c.  of  water. 

200  c.c.  of  water. 

sod.  carb.  J p.c.  200 c.c. 
water  added  20  c.c. 

Neutral. 

Neutral. 

strongly  Alkaline. 

Residue. 

•806  grm. 

•854  grm. 

•998  grm. 

Digested. 

2-08  grm. 

2 -032  grm. 

P888  grm. 

D.  ■ 

sod.  carb.  1 p.c.  200  c. 
water  added  20  c.c. 
strongly  Alkaline. 
•991  grm. 
P895  grm. 


Mixtures  A and  B wei-e  made  to  test  the  accuracy  of  the  method  of 
digestion. 

The  diminished  solution  of  the  albumen  is  seen  in  1 and  1 p.c.  solutions 
of  sod.  carb.  in  which  the  action  may  be  considered  equal.  At  present  only 
the  amount  of  albumen  entering  into  solution  is  considered  and  reckoned  as 
digestion  : i.e.  formation  into  peptones.  The  discussion  of  the  completeness  of 
digestion  must  be  reserved  until  we  come  to  the  products  of  digestion. 

Another  experiment  may  be  quoted  confirming  the  results  of  the 
last  two:  performed  under  the  same  conditions  but  with  a larger 
quantity  of  liquid. 
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Experiment  VI.  June  13,  1884. 

(Estimation:  *15  grm.,  *147  grm.,  -15  grm.,  in  5 c.c.  : average  -149  grin. 
100  c.c.  contain  2-98  grm.) 

Mixtures  A,  B,  C,  containing 

Albumen,  2 -98  grm. 

Papain,  *347  grm. 

Liquid,  300  c.c. 

Digestion  for  24  hours.  T.  of  incubator  39°-41u  C. 


A. 

B. 

C. 

Neutral. 

^ p.c.  sod.  carb.  (Aik.) 

\ p.c.  sod.  carb.  (Aik.) 

Residue. 

•507  grm. 

•565  grm. 

•723  grm. 

Digested. 

2-473  grm. 

2-415  grm. 

2 -257  grm. 

Experiments  IV.,  V.  and  VI.  conclusively  show  that  Papain  acts  well  in 
^ p.c.,  ^ p.c.  and  1 p.c.  evolutions  of  sodium  carbonate  : but  that  it  acts  best 
in  ^ p.c.  sod.  carb.  and  in  neutral  solutions.  Another  point  of  analogy  to 
tryptic  digestion  (artificial)  has  thus  been  proved. 

A few  experiments  were  done  to  test  the  activity  of  the  ferment  in 
acid  media.  Rossbacli’s  and  Albrecht’s  results  have  been  mentioned, 
and  objections  raised  to  the  method  of  experimentation  used  by  the 
former. 

My  results  accord  more  with  those  of  Brunt  on  and  Wyatt:  viz. 
that  acid  stops  the  digestive  action.  I used  an  active  preparation, 
(specimen  II.)  the  same  in  fact  as  in  the  Experiments  IV.,  V.  and  VI.  : 
and  having  in  view  the  conditions  of  artificial  peptic  digestion  (which 
takes  place  best  in  2 p.c.  HC1)  I used  solutions  of  ‘05  p.c.  1 p.c.  and 
•2  p.c.  HC1 : comparing  the  results  side  by  side  with  those  in  neutral 
and  alkaline  media. 

Experiment  VII.  June  14,  1884. 

(Estimation  : -194  grm.,  -195  grm.,  *187  grm.  in  5 c.c.  : average  ’192  grm.: 
100  c.c.  contain  3-84  grm.) 

Mixtures  A,  B,  0,  D,  E,  containing 

Albumen,  3 '84  grm. 

Papain,  -347  grm. 

Liquid,  300  c.c. 
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Digestion  for  47  lirs.  T.  of  incubator  36°-40°C. 


A. 

B. 

C. 

I). 

Neutral. 

sod.  carb.  ^ 
p.c.  Alkaline. 

HCl  -05  p.c. 
Acid. 

HCl  1 p.c. 
Acid. 

Residue. 

IT 47  grm. 

1 093  grm. 

3-896  grm. 

3-811  grm. 

Digested. 

2-693  grm. 

2-747  grm. 

Entered  into 
solution, 
•029  grm. 

E. 

HC1  -2  p.c. 
Acid. 

3 '883  grin. 


(The  residues  of  C and  E were  not  quite  dried  : the  albumen  having  caked 
into  a mass.) 


The  experiment  strikingly  shows  that  under  exactly  the  same 
conditions,  varying  strengths  of  acidity  stop  the  action  of  the  ferment 
altogether — and  further  as  confirming  this,  the  filtrates  after  digestion 
of  C.  D.  and  E.  gave  only  the  violet  reaction  of  soluble  proteids  with 
copper  sulphate  and  potash : whereas  the  filtrates  of  A and  B gave  the 
pink  colour  of  peptones  with  the  same  reagents.  This  point  will  be 
referred  to  again. 

In  another  experiment  with  the  same  amount  of  liquid  and  about 
the  same  quantity  of  albumen,  but  nearly  double  the  weight  of  Papain, 
it  was  found  that  some  digestion  did  occur  in  '05  p.c.  solutions  of  Hydric 
chloride. 

The  experiment  is  here  quoted. 


Experiment  VIII.  June  17,  1884. 


(Estimation:  T73  grin.,  -159  grin.,  in  two  portions  of  5 c.c.  : average 
•166  grm.  : 100  c.c.  contain  3 '3 2 grin.) 


Mixtures  A and  B,  containing 

Albumen, 

Papain, 

Liquid, 

18|  hours’  digestion  at  35°-36°  C. 

A. 


3 '3  2 grm. 
•607  grm. 
300  c.c. 


B. 

•05  p.c.  HCl 
Acid. 

2-011  grm. 

1’309  grm. 

copper  sulphate  and  potash  : 


Residue. 

Digested. 


Neutral. 
•981  grm. 
2-339  grm. 


The  filtrate  of  B gave  a pink-colour  with 
ihowing  that  actual  digestion  had  occurred,  though  it  must  not  be  concluded 
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that  all  the  albumen  dissolved  is  transformed  into  peptone.  Reasons  for 
this  conclusion  are  given  hereafter. 

Whether  with  larger  quantities  of  Papain  and  a higher  percentage  of  acid, 
digestion  will  occur  I have  not  ascertained  : it  is  probable  that  this  is  so,  but 
as  the  object  was  to  find  out  what  the  ferment  could  do  under  the  most 
favourable  conditions  and  not  under  those  that  were  unfavourable  to  its 
action,  this  point  was  not  investigated. 

It  has  been  clearly  demonstrated  that  Papain  is  a ferment  active  in  the 
highest  degree  in  neutral  and  alkaline  solutions  (of  the  strength  of  \ p.c.  sod. 
carb.)  : that  in  solutions  of  higher  alkalinity  (|-  p.c.  and  1 p.c.)  the  action, 
though  well-marked,  is  not  so  great.  Finally  that  acid  prevents  the  action  of 
Papain : though  in  weak  acid  solutions  (-05  p.c.  HC1)  some  degree  of  diges- 
tion may  take  place  with  a large  quantity  of  ferment. 


Products  of  Papain-Digestion. 

As  has  been  mentioned,  Wurtz  stated  that  two  chief  products  are 
formed  as  the  result  of  the  action  of  Papain  on  fibrin  : viz.  peptones 
and  leucin : and  the  analogy  referred  to  several  times  of  the  action  of 
Papain  to  that  of  Trypsin  must  again  be  emphasized  : viz.  that  in 
experiments  the  ferments  are  similar  in  their  proneness  to  producing 
decomposition,  in  their  erosion  of  fibrin  before  this  enters  into  solution,  in 
the  formation  of  leucin:  a further  point  being  that  Papain  acts  in 
alkaline  as  well  as  neutral  solutions,  Trypsin  acting  only  in  alkaline. 

A closer  resemblance  will  appear  afterwards. 

In  tryptic  digestion,  before  the  fibrin  has  passed  into  peptones,  there 
is  formed  a body  intermediate  between  alkaline  albumen  and  native 
albumen1.  This  body  is  soluble  in  dilute  acids  and  alkaline  and  in  a 
10  p.c.  solution  of  sodium  chloride;  being  precipitated  and  coagulated 
by  heat  and  nitric  acid  from  its  solutions  in  sodium  chloride. 

A corresponding  body  is  formed  during  Papain-digestion.  Early  in 
my  experiments  I had  noticed  that  boiling  the  filtrate  of  the  mixture 
after  digestion  caused  a precipitate  which  was  a proteid,  as  it  gave  the 
xanthoprotein  reaction2.  At  first  I ascribed  this  result  to  incomjfiete 
coagulation  of  the  albumen  solution  before  digestion : but  from  the 
constancy  of  its  pressure  and  from  the  fact  that  Wurtz  had  obtained  a 
similar  precipitate  by  strong  nitric  acid,  I was  led  to  think  otherwise. 

' Foster’s  Physiology , 2nd  Ed.  p.  200. 

2 This  was  also  noted  by  Roy,  op.  cit. 


226 


S.  II.  G.  MARTIN. 


Moreover  the  filtrate  of  the  digestion 
results,  both  in  neutral  and  alkaline 
ment  shows. 

Experiment  IX.  June  11,  1884. 

Fibrin  washed  under  the  tap  for 
tine  in  a sausage-macliine. 

Mixtures  A and  B,  containing 

Fibrin, 
Papain 
Liquid, 

Digestion  for  20  hrs.  T.  38°-39°C. 

A. 

Neutral. 

Nearly  all  fibrin  dissolved. 

Besidue  pultaceous. 

Mixtures  were  filtered. 

Filtrate  acidified  and  boiled  gives 
a precipitate. 

50  c.c.  of  filtrate  saturated  with 
magnesium  sulphate  and  shaken  for 
1 hour  give  a copious  precipitate. 

Residue : washed  with  10  p.c. 

NaCl  solution : filtrate  clear,  and 
gives  a precipitate  on  warming,  in- 
creased by  acidification. 

Abundant  precipitate  on  satura- 
ting filtrate  with  mag.  sulph. 


of  coagulated  fibrin  gave  the  same 
solutions,  as  the  following  experi- 


18  hrs. : boiled  for  1 hour:  and  ground 


25  grm. 

•694  grm. 

250  c.c. 

B. 

Alkaline,  J p.c.  sod.  carb. 

Nearly  all  fibrin  dissolved. 
Besidue  pultaceous. 

No  neutralisation  precipitate. 
Acidified  and  boiled  : copious  pre- 
cipitate. 

50  c.c.  give  a copious  precipitate 
on  saturation  with  mag.  sulph. 

Residue  treated  in  the  same  way 
as  A gives  similar  results  : the  fil- 
trate gives  a precipitate  on  acidula- 
lating  and  warming : and  one  by 
saturation  with  mag.  sulph. 


This  experiment  then  distinctly  proves  the  formation  of  this  body — 
with  reactions  similar  to  those  given  by  the  early  product  of  tryptic 
digestion.  It  is  produced  in  the  neutral  liquid  as  well  as  in  the 
alkaline:  and  the  question  arises  of  what  is  its  nature.  The  solubility  in 
10  p.c.  sodium  chloride  solution  and  the  precipitation  from  such  solution 
by  saturation  with  magnesium  sulphate  indicates  the  properties  of  a 
globulin,  a small  quantity  of  which  indeed  I have  shown  to  be  present 
in  the  commercial  Papain  used.  It  might  be  suggested  that  it  was  this 
body  which  gave  these  reactions : but,  firstly,  specimen  II.  of  Papain  was 
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used,  solutions  of  which  gave  no  precipitate  on  boiling  and  acidulating 
and,  secondly,  the  amount  obtained  from  the  filtrate  and  residue  was  too 
large  to  be  accounted  for  in  this  way.  There  is  no  conclusion  but  that 
this  “ intermediate  ” body  is  formed  during  Papa'in-digestion.  Thi& 
body  then  has  the  reactions  of  a globulin  and  is  formed  in  both  neutral 
and  alkaline  digestive  mixtures.  In  the  filtrate  from  the  alkaline- 
mixtures  it  will  be  noticed  that  there  was  no  neutralization-precipitate 
— indicating  the  absence  of  ordinary  alkali-albumin;  why  indeed  this 
should  not  be  present  is  not  quite  evident,  as  soluble  native  proteids 
are  readily  converted  by  alkalies  into  alkali-albumin : and  we  have  a 
soluble  proteid  present.  The  deduction  is  that  this  body  resists  the 
change  into  alkali-albumin,  and  that  the  agent  of  resistance  is  the 
ferment — progress  being  towards  peptone  and  not  alkali-albumin. 

Further  experiments  tend  to  confirm  this  hypothesis. 

In  the  filtrate  from  digestion  in  ^ p.c.  sodium  carbonate  solution, 
results  are  obtained  similar  to  those  just  described  in  p.c.  solutions  : 
viz.  a precipitate  on  boiling  and  no  neutralization  precipitate : whereas 
in  the  filtrate  from  digestion  in  1 p.c.  sodium  carbonate  solution  there  is 
a slight  precipitate  on  boiling  but  also  a copious  neutralisation  precipi- 
tate in  the  cold,  not  soluble  in  excess  of  acid.  The  character  of  this- 
neutralisation  precipitate  is  thus  different  from  that  of  ordinary  alkali- 
albumin,  which  is  readily  soluble  in  excess  of  acid.  Alkali-albumin  is 
formed  slowly  at  40°  C.  from  coagulated  proteid : and  its  reactions  were 
tested"  in  an  experiment  in  which  finely  ground  boiled  fibrin  was  incu- 
bated at  32°-35°  C.  for  17  hours  in  | p.c.  sodium  carbonate  solution. 
The  filtrate  of  this  liquid  gave,  as  was  expected,  a neutralisation  precipi- 
tate soluble  in  excess  of  acid. 

To  return,  when  Papain  acts  on  coagulated  albumin  in  ^ p.c.,  \ p.c. 
and  1 p.c.  solutions  of  sodium  carbonate,  in  all  an  intermediate  body  is 
formed  as  in  neutral  solutions : the  body  not  being  changed  into  alkali- 
albumin.  But  that  in  1 p.c.  solutions  of  sodium  carbonate  there  is  a 
neutralisation  precipitate  which  is  not  ordinary  alkali-albumin,  as  it  is 
not  soluble  in  excess  of  acid,  in  the  cold.  The  appearance  of  the 
residue  in  1 p.c.  sodium  carbonate  is  quite  different  from  that  in  neutral, 
and  in  £ p.c.  and  £ p.c.  sodium  carbonate:  it  is  more  like  a jelly,  the 
solution  being  difficult  to  filter : the  other  residues  are  soft  and  pul- 
taceous,  and  the  solutions  readily  filtered.  This  taken  with  the  fact  that 
digestion  does  not  occur  so  completely  in  1 p.c.  solutions  of  sodium 
carbonate  as  in  \ p.c.,  £ p.c.  and  neutral  solutions,  seems  to  me  to 
confirm  the  hypothesis  that  Papain  resists  the  change  of  the  intermediate 
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body  into  alkali-albumin,  and  hence  its  presence  in  the  alkaline 
fluid. 

I have  spoken  of  this  globulin  as  an  “ intermediate  ” body  and 
assumed  that  it  is  eventually  changed  into  peptones.  Though  this  is 
probable,  I have  not  yet  demonstrated  it  by  actual  experiment,  and  its 
further  changes  must  still  be  left  uncertain.  I think  it  likely  moreover 
that  this  globulin  corresponds  to  the  hemi-albumose  formed  in  tryptic 
•digestion : as  this  product  is  also  soluble  in  10  p.c.  sodium  chloride 
solution.  It,  however,  differs  from  this  hemi-albumose  in  the  fact  that 
though  precipitated  by  warming  it  is  not  soluble  by  heating  still  further. 
Its  exact  role,  as  I have  before  stated,  must  at  present  be  considered 
uncertain. 

In  connection  with  this  part  of  the  subject,  the  reactions  of  the 
filtrates  of  mixtures  of  Papain  in  acid  solutions  may  be  mentioned:  as  they 
present  some  peculiarities.  As  has  been  shown  in  Exjd.  vil,  with  small 
quantities  of  Papain  in  *05  p.c.,  T p.c.  and  2 p.c.  Hydric  chloride 
solutions,  no  digestion  occurs — as  shown  by  the  absence  of  the  character- 
istic reaction  of  peptones  : but  some  of  the  albumen  enters  into  solution, 
as  all  the  filtrates  gave  a violet  colour  with  copper  sulphate  and  potash. 
Filtrate  of  mixture  C.  (with  '05  p.c.  HC1)  gave  no  precipitate  on 
■careful  neutralisation ; but  when  made  slightly  alkaline  and  boiled  a 
precipitate  fell.  No  precipitate  on  boiling  the  acid  liquid. 

Filtrate  of  D (T  p.c.  Hydric  chloride)  gave  no  precipitate  on  boiling : 
but  a copious  neutralisation  precipitate  in  the  cold,  not  soluble  in  excess 
of  alkali.  The  correspondence  of  this  result  with  that  obtained  with  the 
filtrate  of  digestion  in  1 p.c.  sodium  carbonate  solutions  will  be  noticed. 

Filtrate  of  E.  ('2  p.c.  HC1)  gave  a neutralisation  precipitate  soluble 
in  excess  of  acid. 

The  same  remarks  may  be  made  about  these  results  as  were  made 
before  with  the  reactions  obtained  from  digestion  in  alkaline  media: 
viz.  that  the  ferment  resists  the  change  into  acid-albumin  in  '05  p.c.  and 
*1  p.c.  Hydric  chloride  solutions,  though  no  digestion  takes  place : and 
that  in  *2  p.c.  Hydric  chloride  solutions,  the  amount  of  acid  present 
overcomes  this  action  of  the  ferment  and  ordinary  acid-albumin  is  formed. 
Further  investigations  however  are  necessary  on  this  point,  as  well  as 
-on  the  results  obtained  from  digestion  in  alkaline  liquids. 

Whatever  be  the  role  the  globulin  plays  in  the  formation  of  peptones, 
there  is  no  doubt  that  these  are  formed  in  abundance.  The  reaction  of 
peptones  with  copper  sulphate  and  potash  is  an  exceedingly  delicate  one, 
and  may  be  obtained  even  if  other  soluble  proteid  be  present. 
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The  peptone  formed  is  capable  of  diffusion,  so  that  in  a few  hours  a 
well-marked  reaction  with  copper  sulphate  and  potash  may  be  obtained 
in  the  liquid  surrounding  the  dialyser.  Peptones  in  a fairly  pure  state 
may  be  also  readily  obtained  from  the  filtrate  after  digestion  by 
•evaporating  this  to  small  bulk,  filtering  off  the  coagulated  globulin,  and 
adding  a large  excess  of  alcohol.  This  precipitates  the  peptones,  and  if 
the  liquid  be  allowed  to  stand  four  or  five  days,  these  settle  at  the  bottom 
of  the  vessel  in  a sticky  mass — the  stickiness  being  due  to  the  presence 
of  leucin.  (The  alcohol  contains  peptones,  though  not  because  it  dissolves 
them,  as  Wurtz  stated,  but  because  of  the  water  it  contains.  If  the 
filtrate  be  evaporated  to  dryness  and  rubbed  up  with  absolute  alcohol, 
no  peptones  are  found  in  the  liquid.) 

The  alcohol  is  poured  off  the  sticky  sediment,  and  a small  quantity 
of  cold  distilled  water  added  dissolves  only  the  peptones,  leaving  the 
leucin  behind.  With  the  filtered  liquid,  all  the  characters  of  peptone 
may  be  demonstrated. 

The  stickiness  of  the  alcoholic  precipitate  of  the  concentrated  filtrate 
was  stated  to  be  due  to  leucin.  The  presence  of  this  body  as  the  result  of 
digestion  can  always  be  demonstrated:  and  in  the  following  manner: — The 
sticky  sediment  previously  mentioned  was  shaken  with  distilled  water 
and  filtered : the  residue  on  the  filter  was  washed  with  boiling  alcohol, 
the  filtrate  at  first  clear  soon  became  cloudy  from  a deposit  of  rounded 
masses,  which  redissolved  by  heat  and  were  soluble  in  dilute  acids  and 
alkalies.  A portion  of  this  filtrate  evaporated  to  dryness  was  mixed 
with  a drop  of  strong  nitric  acid  and  again  carefully  evaporated : the 
dry  residue  gave  a brown  colour  with  soda.  This  reaction  for  leucin 
(Scherer’s  test)  is  a very  reliable  one. 

Impure  crystals  of  leucin  in  the  form  of  rounded  masses  arranged  in 
clumps  may  be  obtained  by  concentrating  the  alcohol  used  to  precipitate 
the  peptones : and  in  a pure  state  by  evaporating  the  alcohol  carefully 
to  dryness  and  exhausting  the  residue  with  a small  quantity  of  boiling 
absolute  alcohol.  If  this  be  filtered  in  an  incubator  at  45°  C.  the  filtrate 
is  quite  clear,  but  in  the  cold  deposits  abundant  clear,  flat  crystals  of 
pure  leucin.  Scherer’s  test  may  also  be  obtained  with  the  residue 
from  this  filtrate. 

The  presence  of  leucin  is  constant  in  all  digestions  in  alkaline  and 
neutral  solutions. 

I have  had  more  difficulty  in  showing  the  presence  of  tyrosin,  and 
though  formed  in  Papa'in-digestion,  I think  it  is  only  in  small  quantity 
I have  been  unable  to  find  any  crystals : though  if  the  body  is 
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present,  they  ought  to  crystallise  out  of  the  alcohol  used  to  precipi- 
tate the  peptones.  Ty rosin  gives  the  same  test  with  Mi  11  on’s 
reagent  as  proteids : viz.  a precipitate  which  turns  red  with  the 
supernatant  liquid  on  boiling.  The  ordinary  method  of  applying  the 
test  to  discover  tyrosin  as  the  result  of  pancreatic  digestion  is  to  add 
Millon’s  reagent,  filter  and  then  heat:  but  all  the  proteids  are  not 
precipitated  by  the  reagent,  so  that  the  test  is  not  an  accurate  one,  as 
thus  applied.  It  would  perhaps  be  better  to  saturate  with  sodium 
sulphate  after  acidulating  with  acetic  acid : or  to  add  a concentrated 
solution  of  fresh  ferric  acetate,  by  both  of  which  methods  all  the  pro- 
teids in  solution  may  be  thrown  down. 

I have,  however,  obtained  definite  evidence  of  the  presence  of  tyrosin 
by  another  method  : viz.  by  evaporating  the  alcohol  used  to  precipitate 
the  peptones  to  dryness  carefully  and  exhausting  the  residue  with 
boiling  absolute  alcohol,  and  filtering  at  45°  C. — in  fact  the  same  method 
as  I have  used  in  preparing  pure  leucin.  This  filtrate  shows  the  absence 
of  proteids  (peptones),  by  (1)  giving  no  precipitate  or  cloudiness  with  a 
large  excess  of  alcohol  and  (2)  no  pink  or  violet  reaction  with  copper 
sulphate  and  potash.  Millon’s  reagent  added  to  this  liquid  gives  a 
precipitate  which  becomes  brick  red  on  heating,  the  liquid  also  being 
coloured.  Tyrosin  then  is  undoubtedly  formed  in  Papain-digestion. 

We  have,  then,  in  Papain  a proteolytic  ferment  acting  almost  exactly 
like  Trypsin : similar  in  the  proneness  of  decomposition  in  solution, 
in  its  erosion  of  coagulated  proteid:  in  the  formation  of  an  “intermediate” 
body  from  the  proteid  ; and  the  formation  of  a perfect  peptone,  and  of 
leucin  and  tyrosin. 

Interesting  investigations  are  suggested  by  these  experiments,  viz. 
the  role  of  the  ferment  in  the  economy  of  the  plant.  Too  much  perhaps 
ought  not  to  be  deduced  from  artificial  digestion  experiments  : because 
these  are  performed  under  abnormal  conditions — there  is  no  evidence  tu 
show  that  the  Carica  Papaya  assimilates  proteid  or  animal  food.  It 
seems  to  me  that  the  line  of  research  is  rather  in  the  direction  of  the 
action  of  the  ferment  on  native  albumin  and  vegetable,  not  animal; 
and  I hope  soon  to  work  in  this  direction — the  subject,  indeed,  being  in 
its  infancy. 

In  conclusion,  I have  to  thank  Prof.  Burdon-Sanderson  for  many 
valuable  suggestions  during  the  investigation. 
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